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570a Wednesday, March 9, 2011both, CaVb1a- and CaVb2b-subunits, fraction of low-P(O) mode periods in-
creased when more CaVb1a-subunits in relation to CaVb2b-subunits were ex-
pressed. As expected, when recordings were split into low-P(O) (CaVb1a-like)
and high-P(O) (CaVb2b-like) periods, the extent of inactivation was higher for
the low-P(O) (CaVb1a-like) mode.
Our results illustrate a functionally effective competition between CaVb-
subunits, suggesting that in cells that express different CaVb isoforms, activity
of a given channel can be dynamically regulated.
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Biophysical Properties of a Human Disease-Causing Mutation in CaV1.3
L-Type Calcium Channels
Andreas Lieb, Shahid M. Baig, Mathias Gebhart, Claudia Dafinger,
Jutta Engel, Martina J. Sinnegger-Brauns, Matteo E. Mangoni,
Habib U. Khan, Peter Nu¨rnberg, Hanno J. Bolz, Alexandra Koschak,
Jo¨rg Striessnig.
Mice lacking functional Cav1.3 L-type Ca
2þ-channels show sinoatrial node
dysfunction and are congenitally deaf. Here we investigated the functional con-
sequences of a homozygote mutation (insertion of an amino acid residue in
a pore-forming S6-helix) in the alpha1-subunit encoding the CACNA1D
gene which causes bradycardia and deafness in humans.
We expressed human wildtype (WT) and mutant channel complexes (MUT) in
tsA-201 cells (with alpha2delta and beta3-subunits) and recorded ON-gating
(Qon) and ionic Ca
2þ-currents (ICa) using the whole-cell patch-clamp tech-
nique. Full length WT and MUT channel alpha1 subunit proteins were ex-
pressed at equal levels in tsA-201 membranes. In contrast to WT, MUT
channels did not conduct significant ICa, but gave clear rise to Qon. WT and
MUT Qon exhibited a typical nonlinear voltage-dependence of activation.
Under identical experimental conditions (block of ICa by replacing Ca
2þ with
Mg2þ and addition of La3þ and Cd2þ in the recording solution) the half max-
imal activation voltage (Vh) of MUT Qon was significantly shifted by
16.252.8 mV (n=6-8, p<0.0001) to more negative voltages compared to
WT. Inward ICa of WT activated 11.552.9 mV more positive than WT Qon
(n=7-8; p=0.0016). In addition, MUT Qon kinetics were significantly faster
than for WT evident e.g. as shorter time constants for gating current decay
over a large voltage range (10 to þ50 mV).
The presence of charge movement in the absence of ionic currents implies that
voltage-sensors in MUT channels move, but either fail to trigger pore opening
or prevent conduction through opened channels. The mutation is not located
within voltage-sensing S4-helices, but within a region of S6 predicted to inter-
act with the voltage-sensor. Compromising this functional module may uncou-
ple voltage-sensor function from pore opening and allow voltage-sensor
movements to occur faster and at more negative voltages.
3090-Pos Board B195
Role of the Putative Glycines Hinge of Cav3.3 Channels
Ricardo K. Sepu´lveda-Hirose, Juan M. Arias-Montan˜o,
Clara E. Dı´az-Vela´squez, Manuel Rivera, Juan C. Gomora.
Voltage-gated ion channels (VGIC) are proteins that form transmembrane
pores in cell membranes. Based on the crystal structure of an open potassium
channel (KV) that reveals the bending of a glycine residue in the inner helix
that lines the pore (M2 or S6), and the conserved pore sequences in many mem-
bers of the VGIC superfamily, is thought that the opening mechanism might be
quite similar within the family. In fact, this has been demonstrated for a bacte-
rial sodium channel (NaV). However, in LVA calcium channels, the mid-S6
hinge glycine residue is present only in IS6 and IIS6, suggesting a likely differ-
ent opening mechanism. Here, we explored this possibility in the CaV3.3 mem-
ber of LVA channels by performing a mutational analysis of the two conserved
glycines (Gly385 and Gly814), and a valine (Val1383) in IIIS6 which, accord-
ing to sequence similarity, corresponds to a hinge glycine in KV and NaV chan-
nels. Substitution of Gly814 for proline (G814P) or alanine (G814A), as well as
the mutant V1383G, drastically decreased whole-cell current density, with dis-
crete effects on the voltage-dependence of activation. However, the mutant
G814P displayed a 10 mV shift in the steady-state inactivation curve to hyper-
polarized potentials; the current inactivation kinetics was slowed down by 50%,
and the recovery was also more than two-fold slower. The substitution by pro-
line also increased the channel closing time constant by 60%; this effect was
also displayed by mutant V1383G, which in addition induced the strongest ef-
fect on the inactivation kinetics slowing (R 2-fold). Our preliminary results
suggest that residues Gly814 and Val1383 are mostly involved in the inactiva-
tion gating and, in a lesser degree, stabilizing the open state of CaV3.3. Addi-
tional mutations, including double and triple substitutions, are currently under
investigation.
Supported by CONACYT Me´xico J50250Q.3091-Pos Board B196
Mechanical Induced Inhibition of L-Type Calcium Channels
Angelo O. Rosa, Naohiro Yamaguchi, Martin Morad.
L-type calcium channels are modulated in different fashions by Ca2þ (Ca2þ
dependent inactivation, Ca2þ dependent facilitation), cytosolic proteins
(CAM, CAMKII, PKA, PKC, etc) and voltage (voltage dependent inactiva-
tion). Here we describe a novel modulation of Ca2þ channel exerted by pres-
sure/flow (PF) forces where 35-60% inhibition of IBa occurs when cells were
exposed to 30 cm of PF forces. Only brief periods (300ms) of high PF applica-
tions were required to activate the response, but the effect was reversible and
had a latency of ~500-700 ms. Similar data was obtained in HEK cells express-
ing all the recombinant subunits of Ca2þ channel. To determine the mecha-
nism underlying the PF effect, the current through the channel was measured
in cells treated with 10mM of thapsigargin, or IP3R blocker APB-2 (10mM),
or mitochondrial protonophore, FCCP þ oligomycin, or high concentrations
of BAPTA. We found no significant difference in effectiveness of PF pulses
to inhibit IBa, or ICa in cell exposed to, thapsigargin, APB-2, FCCP, BAPTA
or a mixed cocktail of them.We concluded that native Ca2þ channel of rat ven-
tricle myocytes or recombinant human variants of L-type Ca2þ expressed in
HEK cells can be modulated by PF forces. This mechanismmay represent a dif-
ferent physiological regulation of calcium channels in the heart and blood
vessels.
3092-Pos Board B197
A Model of the Inner Pore of Ca Channels in the Open State
Gregory M. Lipkind, Harry A. Fozzard.
Known open state structures of K channels do not provide a useful template for
open Ca channels, because the latter do not contain the hinge residues Gly and
Pro. We, therefore, began with the closed KcsA structure (Doyle et al, Science
280:69, 1998) and sequentially outwardly displaced amino acids near the bun-
dle crossing (Thr107-Ala111) and optimized the structures (restrained minimi-
zation with distance constraints). We then populated open channel structures
with amino acid residues of T and P/Q channels and re-optimized. The Ca chan-
nel structures with openings of ~11 A˚ were similar and allowed both symmet-
rical TEA and verapamil to enter and block from inside. However, simulations
were in disagreement with the MTSET accessibility data for the P/Q channel
(Zhen et al, JGP 126:193, 2005). Noting that amino acid residues near C-termi-
nal ends of S6 helices of Ca channels have side chains facing the inner pore that
are quite different from those in K channels, we speculated that these segments
might contain intra-molecular deformations that lead to the reorientation of
their side chains. We modeled these deformations byp-bulges, which produced
wide turns, containing an additional amino acid residue. The very conserved
Asn residues of Ca channels initiated the formation of p-bulges in the direction
of the C-ends in all 4 S6 a-helices. Introduction of p-bulges achieved agree-
ment between amino acid residues predicted to face the pore and MTSET ac-
cessibility data. Formation of p-bulges would be expected to stabilize the open
state of the Ca channel, and MTSET modification of single cysteines at the
C-ends of S6’s could produce physical occlusion of the inner pore, i.e. full
block of Ca current as observed experimentally. Supported by RO1HL065680.
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Signaling Complex of Calcium/Calmodulin-Dependent Protein Kinase II
Associated with the C-Terminal Domain of CaV2.1 Channels
Venkat G. Magupalli, Xin Jiang, Ruth E. Westenbroek, Todd Scheuer,
Thomas R. Soderling, Angus C. Nairn, William A. Catterall.
Abstract:
Caþ2/calmodulin-dependent protein kinase II (CaMKII) forms a major
component of postsynaptic density, where its functions are well established
but the presynaptic actions of CaMKII are poorly defined. We show
that CaMKII constitutively binds and modulates presynaptic voltage-gated cal-
cium (Cav2.1) channels that conduct P/Q type calcium currents. Using co-
immunoprecipitation methods, we isolated a signaling complex of Cav2.1
with bound CaMKII. The pore-forming 1 subunit of Cav2.1 channels offers
a unique platform for association of CaMKII at the C-terminal domain. The
Cav2.1/CaMKII signaling complex operates as a network of multiprotein ma-
chines by recruiting other protein components and processing information by
a series of protein interactions and protein phosphorylation reactions. Using
GST pulldown assays we dissected the preferential binding of the inactive ki-
nase to the Cav2.1 channel and mapped the binding site. Binding of CaMKII at
this site per se is sufficient to slow voltage-dependent inactivation and shift the
voltage dependence of inactivation to more positive membrane potentials,
thereby greatly enhancing Cav2.1 channel activity. Using transfection assays,
we show that the bound kinase is autophosphorylated at Thr286 and phosphor-
ylates synapsin 1. We observed more than a six-fold increase in the synapsin 1
Wednesday, March 9, 2011 571aphosphorylation by CaMKII bound to the C-terminal domain Cav2.1 channel.
Synapsin phosphorylation at Ser603 by CaMKII leads to formation of stable
higher order oligomers. Our studies reveal a signaling complex of Cav2.1/
CaMKII at the C-terminal domain of the Cav2.1 channel. Association of
CaMKII with this signaling complex generates rapid response to calcium entry,
recruitment of protein components, and phosphorylation of nearby proteins.
Hence, kinase couples calcium influx to the downstream pathways for rapid,
localized signal transduction and regulation.
Supported by R01 NS22625
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Targeting of Protein Phosphatases PP2A and PP2B to the C Terminus of
L-Type Calcium Channel CaV1.2
Hui Xu, Kenneth Ginsburg, Duane Hall, Maike Zimmermann,
Mingxu Zhang, Samvit Tandan, Joseph Hill, Mary Horne, Donald M. Bers,
Johannes Hell.
The L-type Ca2þ channel CaV1.2 lies within a macromolecular complex includ-
ing b2- adrenergic receptor, trimeric GS protein, adenylyl cyclase, and cAMP-
dependent protein kinase (PKA). This complex mediates highly spatially and
temporally regulated signaling, both acute (cardiac excitation contraction cou-
pling, synaptic transmission, neurosecretion) and long-term (gene expression).
Protein phosphatases PP2A (PPP2CA) and PP2B (PPP3CA; calcineurin) are
also constitutive complex members. Acutely, either phosphatase counteracts
PKA-dependent increase in Ca current by PKA. We here report that PP2A
binds independently to two separate specific regions in the C-terminus of the
central pore-forming a1 subunit of CaV1.2: one region spans residues 1795-
1818 and the other residues 1965-1971. PP2B binds independently to a distinct
region immediately downstream of residue 1971. To determine the binding re-
gions for these phosphatases we assayed their ability to bind a1 C-terminal
fragments with appropriate subregions cleaved. Further, we assayed a pallette
of small peptides and identified those able to compete with PP2A and PP2B
binding in pull-down assays. With these interfering peptides, we investigated
PP2A and PP2B function, assayed by recording ICa(L) in acutely isolated rabbit
cardiomyocytes. Using whole-cell b-escin perforated patch, which allowed
pipette introduction of peptides while limiting rundown, we found that the
PP2B competing peptide increased both basal and isoproterenol-stimulated
ICa(L), while a PP2A competing peptide had no effect vs a control peptide or
no peptide. Together, the biochemical and electrophysiological results suggest
that while PP2A and PP2B are anchored at their respective binding sites on car-
diac CaV1.2 a1 and negatively regulate ICa(L) (in this case by counterbalancing
PKA-mediated phosphorylation), a fine dynamic balance between phosphory-
lation and dephosphorylation responses exists. This would be important to
the ability of ICa(L) flux to efficiently regulate end effects.
3095-Pos Board B200
Departure of Calmodulin from the IQ Domain of CaV1.3 Channels During
Calcium-Dependent Inactivation
Hojjat Bazzazi, Manu Ben Johnny, David T. Yue.
Studies of calmodulin (CaM) regulation of CaV channels have long focused on
an IQ domain in the carboxy-terminus of channels. Strong evidence indicates
that Ca2þ-free CaM (apoCaM) preassociates with the IQ domain before Ca2þ
entry through channels (e.g., Liu et alNature 463:968), and that Ca2þ/CaM has
the potential to bind the IQ. Hence, Ca2þ-dependent inactivation (CDI) of
channels has been proposed to result from Ca2þ-dependent conformational
changes of CaM, all while bound to the IQ. Yet, analysis of Ca2þ/CaM com-
plexed with the IQ domain of CaV2.1 (Structure 16:607) hints that Ca
2þ/CaM
departs from the IQ domain during channel regulation. To generalize this hy-
pothesis, we here alanine scanned the entire IQ domain of CaV1.3, a prototype
channel homologous to long-studied CaV1.2. Surprisingly, CDI was strongly
diminished at only three residues: the signature isoleucine (I[0]), an alanine
situated four residues upstream (A[-4]), and a downstream phenylalanine
(F[4]). How do these mutations decrease CDI? If CDI were suppressed by in-
hibiting Ca2þ/CaM binding to an IQ effector site, then Ca2þ/CaM binding to
this domain should exhibit commensurate disruption. However, FRET two-
hybrid assays indicated no such decrease in binding. Alternatively, mutations
could attenuate CDI by inhibiting apoCaM preassociation with the channel.
Indeed, binding assays revealed strong mutational effects on apoCaM interac-
tion with the IQ domain, consistent with the observed CDI deficits. Indeed,
overexpression of wild-type CaM largely restored CDI of mutant channels, fit-
ting with recovery of apoCaM preassociation via mass action. Thus, while the
IQ domain appears to be important as a preassociation locus for apoCaM, CDI
is likely triggered by the departure of Ca2þ/CaM to interact with effector sites
elsewhere on the channel (Ben Johny, Yang, and Yue, this meeting). This de-
parture would fundamentally transform our understanding of CaM/channel
regulation.3096-Pos Board B201
An Improved Model of Voltage- and Ca-Dependent Inactivation of the
L-Type Ca Channels
Stefano Morotti, Eleonora Grandi, Aurora Summa, Kenneth Ginsburg,
Stefano Severi, Donald M. Bers.
The L-type Ca2þ current (ICa) contributes to the action potential plateau and
initiates excitation-contraction coupling in cardiac myocytes. Here we present
a kinetic model of L-type Ca2þ channels (LTCCs), based on the Mahajan et al.
7-state Markov model, incorporated into the Shannon et al. model of the rabbit
ventricular myocyte, which includes a subcellular restricted space where Ca2þ-
induced Ca2þ release occurs. LTCC inactivation is both voltage- and Ca2þ-
dependent (VDI and CDI), the latter being due to Ca2þ binding to calmodulin
that is pre-bound to the LTCC. To discriminate between these mechanisms,
existing experimental data from our group and others were used. First, we im-
plemented a model for IBa accounting for both divalent cation- and V-DI. This
was based on the evidence that complete substitution of Ba2þ for Ca2þ reduces,
but does not abolish, ion-dependent inactivation. The model was constrained to
recapitulate a wide set of experimental data including steady-state and kinetics
of activation, inactivation and recovery from inactivation. Next, we tuned the
model, by adjusting the ion-dependent transitions rates only, to reproduce ex-
perimental ICa measured when sarcoplasmic reticulum (SR) Ca
2þ release is
abolished (by exogenous buffers or SR Ca2þ depletion) or during physiological
Ca2þ transients (when SR Ca release amplifies Ca2þ influx). Finally, we vali-
dated the ICa model against action potential clamp data obtained with and with-
out Ca2þ transients. Our model provides an important tool to dissect relative
contributions of different Ca2þ sources (SR vs. LTCCs) to total CDI, and the
relative roles of CDI and VDI in normal function and pathophysiology (e.g.,
to analyze ICa kinetics during normal and diseased action potentials and its con-
tribution to arrhythmogenesis).
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RyR(R4496C) Mutant Mice Model Reveals a New Paradigm on Local
Ca2D Control of ICaL
Maria Fernandez-Velasco, Gema Ruiz-Hurtado, Angelica Rueda,
Patricia Neco, Carlo Napolitano, Silvia G. Priori, Sylvain Richard,
Ana M. Gomez, Jean-Pierre Benitah.
The Ca2þ-dependent inactivation (CDI) of the widely distributed L-type Ca2þ
channels is a major intrinsic feedback mechanism for Ca2þ homeostasis. CDI
manifests by the time-dependent current decay during prolonged depolarization
but also the voltage-dependent availability of Ca2þ channel during double-
pulse protocols. Whereas the first one has received most of the attention cumu-
lating with the identification of calmodulin (CaM) as an important Ca2þ sensor
that mediates CDI, the latter has not received extensive investigation. Here we
evidence that Ca2þ sparks control L-type Ca2þ current (ICaL) availability in car-
diomyocytes and consequently the steady-state window current. Comparing
RyRR4496C catecholaminergic polymorphic ventricular tachycardia (CPVT)
mutant mice to wild type (WT) littermates, we show that whereas peak density
of ICaL and global [Ca
2þ]i transient are not modified, RyR2
R4496C myocytes
demonstrated a significantly lower ICaL density at 30 and 20 mV. This de-
crease is the consequence of a depolarizing shift in steady-state activation and
a hyperpolarizing shift of steady-state inactivation that result in a decreased
window current. These differences are eliminated in presence of fast the
Ca2þ buffer BAPTA and by depleting the sarcoplasmic reticulum (SR) with
thapsigargin, pointing out to a local control by the observed increase in Ca2þ
spark occurrence at low voltages in CPVT mice. Somewhat surprisingly,
CaM antagonists did not have any effect on CPVT cells but altered the inacti-
vation and activation curves in the WT cells to make these similar to the CPVT.
Our data echo the retrograde coupling of RyR and L-type Ca2þ channel ob-
served in skeletal muscle, representing a novel mechanism to counteract exces-
sive SR Ca2þ leak and to preserve CPVT mice from arrhythmic trigger activity
such as early afterdepolarization due to enhancement of ICaL window current.
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Glucose Inhibits Glucagon Secretion from Pancreatic Alpha-Cells by
Closure of KATP-Channels
Quan Zhang, Reshma Ramracheya, Orit Braha, Patrik Rorsman.
Glucose inhibits glucagon secretion but the mechanisms involved are not
known. We performed whole-cell perforated patch membrane potential record-
ings on alpha-cells in intact mouse pancreatic islets. Alpha-cells are electrically
active at low glucose concentrations (<1 mM) and generate overshooting ac-
tion potentials that peak atþ10 mV. These action potentials result from activa-
tion of voltage-gated Naþþ and A-type Kþ-channels. The most negative
interspike membrane potential is approx. 45 mV. Application of 6 mM glu-
cose reversibly depolarized the alpha-cell by approx. 5 mV and reduced peak
voltage of the action potentials by up to 15 mV. We estimated the impact
